Background. Our objective was to study the prognostic value of liver stiffness (LS) in HIV-infected patients with chronic hepatitis C (CHC).
Staging of liver fibrosis is an essential element of the care of patients with hepatitis C virus (HCV) infection, because it provides useful prognostic data and facilitates treatment decisions [1] . For many years, liver biopsy has been the staging method of choice; however, its invasive nature and the limitations derived from sampling error and observer variation have led to its replacement by noninvasive methods including serum markers and transient elastography (TE) [2] .
Transient elastography, a technique based on the observation that liver elasticity is highly correlated with the stage of liver fibrosis in patients with chronic hepatitis C [3] , is very accurate for identifying patients with mild or absent fibrosis and those with advanced fibrosis or cirrhosis [4] . Liver stiffness values of between 2.5 and 7 kPa indicate mild or absent fibrosis, and those above 12.5 kPa indicate cirrhosis [4] . However, results should always be interpreted according to the clinical context; for example, higher liver stiffness cutoffs for cirrhosis have been proposed for patients with alcoholic liver disease, in whom coexisting steatohepatitis markedly increases liver stiffness independently of fibrosis stage [5, 6] .
Transient elastography is also a method that is potentially useful for estimating portal pressure [7] [8] [9] [10] [11] [12] [13] [14] , detecting the presence of esophageal varices [11, 12, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] , and predicting clinical endpoints. The prognostic capacity of TE has been evaluated in patients with chronic liver diseases of varying etiologies [9, [25] [26] [27] , in compensated HCV-related liver cirrhosis with or without human immunodeficiency virus (HIV)-coinfection [28] [29] [30] [31] , and in liver transplantation [32] . All of these studies reported a good ability of TE for the identification of clinical outcomes including liver-related events (LRE) [9, 26, 27, [29] [30] [31] , death [26, 30, 33] , hepatocellular carcinoma [28] , and composite endpoints [25] . However, no validated prediction model based on TE has been developed for LRE in patients with chronic hepatitis C with or without cirrhosis, and very little is known about TE cutoffs for stratification of the risk of LRE.
We designed this study to assess the prognostic ability of TE in patients coinfected with HIV and HCV. In particular, we aimed to define clinically useful liver stiffness cutoff points for prediction of LRE in this population.
PATIENTS AND METHODS

Design and Patient Selection
This study was designed during the first half of 2014. We performed a multicenter retrospective study at 3 large teaching hospitals in Spain in which TE was routinely introduced for staging of liver fibrosis in coinfected patients in 2006. Transient elastography was performed by trained operators with a FibroScan device (EchoSens, Paris, France). We reviewed the computerized records of the FibroScan device and identified all patients older than 18 years attended at these institutions and who met the following criteria: (1) HIV infection confirmed by enzyme immunoassay and Western blotting, (2) HCV infection confirmed by detection of HCVribonucleic acid (RNA) in plasma, (3) at least 1 valid TE measurement taken when the patient had confirmed HCV infection, and (4) compensated liver disease when the first TE measurement was taken. We excluded patients with acute hepatitis C, decompensated liver disease, or a prior diagnosis of hepatocellular carcinoma at the time of the TE study. The diagnosis of cirrhosis was confirmed by liver biopsy or by liver stiffness >12.5 kPa [4] . The local ethics committees approved the analysis of anonymous routine clinical data without written informed consent with a view to scientific publication.
Investigations
All of the information was recorded at each institution using an online application that satisfied local requirements of data confidentiality. This database included all demographic, clinical, virological, and laboratory data. We extracted the following baseline data from the hospital records: (1) [4] . Fasting was not routinely required before the examination.
Follow-up and Clinical Endpoints
The length of the study was calculated for each patient from the date of the first TE study to the last follow-up visit or death. The censoring date was December 31, 2014.
In patients who received anti-HCV therapy during follow-up, treatment response was classified into 3 categories: (1) sustained viral response, defined as an undetectable serum HCV-RNA level 24 weeks after discontinuation of therapy; (2) viral relapse, defined as an undetectable serum HCV-RNA level at the end of programmed therapy, with subsequent relapse; and (3) no response, when patients did not fulfill the criteria for sustained viral response or viral relapse.
We also assessed the response to cART during follow-up as follows: (1) virological failure, defined as the presence of HIV RNA >200 copies/mL on 2 consecutive occasions in patients taking cART; (2) discontinuation of cART, when cART was suspended for any reason for more than 4 weeks during follow-up; We assessed the following outcome events: (1) LRE, including liver decompensation (ascites, hepatic encephalopathy, variceal bleeding, and nonobstructive jaundice) and hepatocellular carcinoma; (2) progression of HIV infection, defined as the occurrence of any new acquired immune deficiency syndrome (AIDS)-defining conditions during follow-up according to CDC criteria [34] ; (3) mortality, classified as liver-related death (when the train of events that ended in death was caused by liver decompensation or hepatocellular carcinoma), AIDSrelated death (when death was directly related to an AIDSdefining condition), and nonliver-related non-AIDS-related deaths.
Statistics
The primary endpoint was the occurrence of LRE; for patients who had more than 1 LRE, only the first was included in the analysis. We also assessed death and the composite variable of death or LRE, whichever occurred first. According to our definition, all patients with liver-related deaths were considered to have experienced a LRE before their death.
We first evaluated the independent role of TE in predicting LRE, considering death as a competitive risk in the full dataset of patients using the Fine and Gray method [35] ; covariates for adjustment were those with a P value <.1 in the univariate analysis.
Next, we evaluated the ability of TE to predict LRE; for this purpose, we excluded from the full dataset all patients who received anti-HCV therapy during follow-up and achieved a sustained viral response or end-of-treatment response with subsequent relapse, because the natural history of chronic hepatitis C in HIV/HCV-coinfected patients is modified in responders and relapsers [36] . We randomly allocated these patients to an estimation cohort (two thirds of the patients) and a validation cohort (one third of the patients). We used receiver operating characteristic curves to assess the diagnostic capacity of liver stiffness to predict LRE. To identify a cutoff value of TE to separate risk populations, we decided a priori that it would be preferable to identify patients who would not develop LRE. To estimate the hazard of LRE for TE values above the cutoff, we first assessed the assumption of linearity between TE and the proportion of LRE and then assessed the hazard of LRE according to different liver stiffness values above the cutoff using the Fine and Gray proportional hazards model. The covariates for adjustment were those with a P value <.1 in the univariate analysis.
The statistical analyses were performed using IBM SPSS Statistics for Windows, Version 21.0 (IBM Corp., Armonk, NY). The R package was used to plot the cumulative incidence curves and to run the competing risks regression analysis [37] .
RESULTS
Patient Characteristics
The baseline characteristics of the 1292 patients included in the study are shown in Table 1 . In brief, 78.6% were male, the median age was 44 years, and 80.1% acquired HIV by injection drug use. A current high alcohol intake was reported by 10.9% of patients, and 23.0% were in methadone maintenance programs. Prior AIDS-defining conditions were recorded in 36.5% of individuals, the median nadir CD4 + T-cell count was 176 cells/mm 3 , and 86.8% were on cART. The most frequently used cART regimens were a protease inhibitor plus 2 nucleoside reverse-transcriptase inhibitors (NRTIs) (38.4%) and a non-NRTI plus 2 NRTIs (32.5%). The median CD4 + T-cell count at baseline was 442 cells/mm 3 . Human immunodeficiency virus viral suppression (<50 copies/mL) was noted in 75.5% of the whole population and in 86.7% of those receiving cART. Most patients (58.6%) were infected by HCV genotype 1, and the median HCV-RNA was 6.3 log IU/mL. Transient elastography findings showed that 24.6% of patients had cirrhosis.
Follow-up
The median follow-up time was 5.8 years (IQR, 3.4-7.1); a total of 129 (10%) patients were lost to follow-up after a median of 3.3 years (IQR, 1.6-5.1) after baseline. In comparison with patients not lost to follow-up, those lost to follow-up were younger (median age 43 years vs 44 years; P < .05) and more frequently on methadone maintenance programs (30.2% vs 22.2%; P < .05). No differences were found between them in sex, route of HIV-acquisition, alcohol consumption, prior CDC clinical category C conditions, cART use, HIV viral suppression on cART, baseline and nadir CD4 + T-cell counts, HCV genotype, HCV-RNA, or liver stiffness. 
Treatment of Human Immunodeficiency Virus and Hepatitis C Virus
Incident Events and Mortality
A total of 56 (4.3%) patients experienced a new AIDS-defining condition at a median of 20 months (IQR 9-38 months) from baseline. The most frequent AIDS-defining conditions were as follows: recurrent pneumonia, 13; esophageal candidiasis, 10; and non-Hodgkin lymphoma, 5 (Supplementary Material).
Liver-related events were documented in 90 patients (7.0%). A total of 80 patients (6.2%) experienced a first episode of liver decompensation at a median of 34 months (IQR, 15-56 months) from baseline. Overall, there were 87 episodes of liver decompensation, because some patients experienced more than 1. The most frequent types were as follows: ascites, 58; hepatic encephalopathy, 11; variceal bleeding, 7; nonobstructive jaundice, 7; and other, 4. A total of 22 (1.7%) patients were diagnosed with hepatocellular carcinoma at a median of 37 months (IQR, 18-59 months) from baseline. The diagnosis was established by imaging procedures in 21 patients and was histologically confirmed in 1 patient (Supplementary Material).
A total of 73 patients (5.7%) died during follow-up. The causes of death were as follows: 35 nonliver-related non-AIDS-related deaths, 26 liver-related deaths, 6 AIDS-related deaths, and 6 deaths from an unknown cause (Supplementary Material).
Predictors of Liver-Related Events and Mortality
In the univariate analysis (Table 2) , several variables were associated with the development of LRE including alcohol intake, baseline and nadir CD4 + T-cell counts, suboptimal immune function, immunosuppression, HBsAg positivity, liver stiffness, and sustained viral response after anti-HCV therapy. When all variables with a P value <.1 in the univariate analysis were entered into a multivariate model, the only variables that remained independent predictors of LRE were liver stiffness and achievement of sustained viral response after anti-HCV therapy. As for mortality, the variables that were independently associated with mortality included liver stiffness, cART, and achievement of a sustained viral response ( Table 2) . 
Ability of Transient Elastography to Predict Outcomes
From the full dataset, the 957 patients without a sustained viral response or end-of-treatment response and subsequent relapse during follow-up were included in the analysis. Of these, 634 were randomly allocated to the estimation cohort and 323 to the validation cohort. No significant differences in baseline characteristics or outcomes were detected between the groups (Table 3) . The AUROC of TE to predict LRE was 0.87 in the estimation cohort and 0.88 in the validation cohort (Figure 1) . Of all the possible values of liver stiffness up to 75 kPa, the best cutoff value to rule out LRE was 12 kPa, which was also the optimum cutoff value according to Youden's J (Supplementary Material). The values of the 12 kPa cutoff for the prediction of LRE in the estimation and validation cohorts are shown in Table 4 . The negative predictive value for this cutoff was 98.3% (95% confidence interval [CI], 97.3-99.3) in the estimation cohort and 98.2% (95% CI, 96.8-99.7) in the validation cohort.
When we analyzed the 957 patients included in the estimation and validation cohorts, we found that above the 12 kPa cutoff, the relationship between liver stiffness and the proportion of LRE was linear. For each 1 kPa and 5 kPa increase above the 12 kPa cutoff, the sHR of LRE was 1.07 (95% CI, 1.05-1.08) and 1.38 (95% CI, 1.31-1.46), respectively. Furthermore, when we took the 12 kPa cutoff as the reference, the sHR of LRE in patients with liver stiffness values of 12-24 kPa, 25-39 kPa, and ≥40 kPa were 9.42, 28.0, and 37.8, respectively (Table 5 ). The cumulative incidence of LRE for these liver-stiffness strata is shown in Figure 2 . Abbreviations: AIDS, acquired immune defficiancy syndrome; cART, combination antiretroviral therapy; CDC, Centers for Disease Control and Prevention; HCV, hepatitis C virus; HIV, human immunodeficiency virus; IQR, interquartile range; RNA, ribonucleic acid.
Our study of 1292 HIV/HCV-coinfected patients with compensated liver disease revealed that liver stiffness and sustained viral response were predictors of LRE considering death a competing risk. In a subgroup of 957 patients without sustained viral response or viral relapse after anti-HCV therapy who were randomly allocated to an estimation cohort and a validation cohort, we found that TE was highly accurate for prediction of LRE. We sought to identify a threshold value of liver stiffness to separate various risk populations, as did Ripoll et al [38] when studying the predictive ability of hepatic venous pressure gradient in patients with compensated cirrhosis. We found that the cutoff value of 12 kPa identified 2 populations at risk of developing LRE, with a negative predictive value of 98% for patients with baseline values below this value. Other authors have sought a liver stiffness cutoff value to rule out clinical outcomes in patients with chronic liver disease. In one study (667 patients with chronic liver disease of varying etiologies), a cutoff of 10.5 kPa was valid for identifying individuals with a low risk of experiencing a composite endpoint of death, LRE, increase in Child-Pugh score, or listing for liver transplant over 2 years [25] . In a study of 984 Japanese patients with chronic hepatitis C treated or not with interferon-based anti-HCV therapy, hepatocellular carcinoma was rarely detected in patients with liver stiffness <10 kPa after a mean follow-up of 3 years [28] .
Having identified the 12 kPa cutoff as the threshold for identification of patients with a very low risk of progression, we found that the hazard of LRE increased proportionally with liver stiffness values above this cutoff. Thus, per each 1 kPa and 5 kPa increase in liver stiffness above the 12 kPa cutoff, the hazard of LRE considering death as a competing risk increased by 7% and 38%, respectively. When we took the 12 kPa cutoff as the reference, the adjusted hazard of LRE considering death as a competing risk for liver stiffness values in the 12-24 kPa, 25-39 kPa, and ≥40 kPa strata were 9.42, 28.0, and 37.8, respectively. In a meta-analysis based on studies of patients with chronic liver diseases, each kPa increase in liver stiffness was associated with an incremental risk of decompensation and hepatocellular carcinoma of 7% and 11%, respectively [39] . A study of 2052 patients with diverse hepatic conditions not included in this meta-analysis showed that for every 1 kPa increase in liver stiffness, the adjusted risk of complications increased by 5% [26] . Our study is limited by its retrospective design. However, we believe that it is unlikely that the results differ considerably from those that would have been obtained in a prospective study, because patients were followed-up in the 3 participating centers by the same physicians throughout the course of the disease, with standard clinical and laboratory parameters assessed every 3 to 6 months, as is common practice with HIVinfected patients in Spain. In addition, the complications of cirrhosis were managed and prevented in the 3 clinical centers after protocols based on contemporary clinical practice guidelines. Another limitation of the study is that TE was not always performed in the fasting state, as is currently recommended, because food intake increases liver stiffness in patients with HCV infection and healthy controls [40] .
Our study has several strengths, namely, its large sample size, the inclusion of patients with cirrhosis and patients with different stages of fibrosis, and the exclusion of patients who achieved sustained viral response or viral relapse after anti-HCV therapy, because these factors clearly modify the natural history of hepatitis C [36] . Our choice of LRE as the primary outcome variable is also relevant, because it is considered to be the most appropriate outcome in patients with compensated liver disease, whereas death is the most relevant outcome in those with decompensated liver disease [41] . In addition, the TE cutoff value for identification of patients who would not develop LRE was obtained in a training cohort and confirmed in a validation cohort; this approach has never been used when assessing the prognostic utility of TE in patients with chronic hepatitis C. Finally, we wish to emphasize our use of a competing risk analysis considering death as a competing risk to reduce error when assessing the ability of TE to predict liver-related complications. This is of particular relevance in HIV/HCV-coinfected patients, a group characterized by an increased risk not only of liver-related deaths, but also AIDS-related deaths and nonliver-related non-AIDS-related deaths [42] .
We believe that our findings have substantial implications for practice, because they show that TE is an excellent tool for stratifying the risk of liver-related outcomes in HIV/HCV-coinfected patients and suggest that those with a liver stiffness below the 12 kPa cutoff could be followed-up less closely than patients with higher liver stiffness values. Nevertheless, we acknowledge that the limitations inherent to the retrospective design of our study imply that this proposed cutoff should be evaluated prospectively with large datasets and cost-effectiveness analyses before it can be endorsed for specific recommendations, including hepatocellular carcinoma screening. The high accuracy of TE for predicting the clinical outcomes found in our study also suggests that this technique could be used to estimate the residual risk of LRE, in patients with HCV-related cirrhosis who achieve sustained viral response with the new interferon-free regimens for treatment of HCV infection.
CONCLUSIONS
In conclusion, we found that TE was very accurate for predicting clinical outcomes in HIV/HCV-coinfected patients. Patients with a liver stiffness value <12 kPa had a 98% probability of not developing LRE after a median follow-up of almost 6 years; above this threshold value, the hazard of LRE increased proportionally with liver stiffness.
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